This technical report reviews the placement of dredged sediment at ocean dredged material disposal sites (ODMDS) from 1976-2015. This report uses data obtained from the Ocean Disposal Database (ODD), a repository of ocean disposal data submitted by USACE Districts. These data are collected in order to fulfill the London Convention (LC) obligations to report annually the amount and location of dredged sediments placed in ocean waters. The LC report is published annually, but until now, a longterm compilation analysis of the ODD dataset has never been conducted. Analyzing the database for long-term trends shows that the ODD can help answer questions related to policies concerning placement of dredged sediments in ocean waters. Additionally, historical trends provide the USACE with information about ODMDS activity to assist in the short-and long-term management of dredged sediment placed at these sites. There is limited ancillary data outside of the required data fields to support LC reporting activities. Therefore, this report leaves open the possibility for further research into the reasons for the observed trends. In order to better understand ODD trends, it is recommended that data from other related databases be integrated into a broader and more comprehensive framework.
Objectives
The focus of this report is to review trends in the placement of dredged sediment at ODMDSs within U.S. waters, from 1976, the first year the LC report was required, through 2015, using data mined from the ODD. The documentation of such data over time provides several advantages, including a measure of all dredged sediment placed in the ocean since 1976, a benchmark for future data comparisons, and improved data collection and quality. This review provides the USACE with information about ODMDS activity to assist in the short-and long-term management of dredged sediment placed at these sites. The report also provides policymakers with insights into recent trends in open water placement of dredge sediment relative to historical norms, thereby helping to inform discussions of future investments into dredged sediment management strategies generally. The ERDC Dredging Innovations Group (DIG) funded this effort per its charge from the USACE Navigation Business line to provide advanced analytics and program-level efficiency evaluations of USACE-sponsored dredging activities.
Approach
This report is not intended to resolve issues related to the use or status of an ODMDS. Instead, the report provides an unbiased review of dredged sediment disposal at ocean sites over time. Historically, ocean disposal has often been referred to as ocean dumping, and sites have sometimes been referred to as ocean dump sites. Ocean disposal is carefully regulated per the LC agreement and MPRSA, therefore, placement of dredged sediment is not indiscriminate, occurring only at approved sites. The word "dump" has negative connotations including for example, carelessness and in reference to depositing garbage. To overcome these negative connotations, the terms disposal, place, or placement are used for the remainder of this report because they align more closely to the action of putting something in a particular place, as is the case for disposal of dredged sediment. Because the ODD is structured by calendar year, some dredge projects straddle two calendar years and are essentially recorded as two separate projects. Contract identification numbers were not historically collected as part of the data call, therefore, positively identifying projects between years was not feasible. As a result, dredge projects are referred to instead as dredge events to better describe the use of the ODMDS.
Scope
The lack of historical information about ocean placement from other databases precludes direct comparisons with the ODD. Environmental Impact Statements (EIS) and Site Management Monitoring Plans (SMMPs) exist for most ODMDSs. The SMMP provides management and monitoring strategies for placement in the ODMDSs. In some cases the EIS and SMMP documents contain historical placement information, but this is usually limited to dates and placement quantities. Taken together, the ODD data along with EIS and SMMP data helps to describe historical use of ODMDSs.
Methods

Source of data
The IMO provides guidance for the type of information required to meet the LC obligations. In addition to the required data, ERDC-EL collects other relevant data to describe the ocean site and placement activities ( Table 1 ). The annual data call conducted by ERDC-EL is the primary source of historical ODMDS information. The LC and ERDC-EL reporting requirements rarely change, this allows for the comparison of data through time. The placement of dredged sediment excavated from federal and non-federal coastal areas is accomplished by the USACE dredge fleet and contracted dredge fleet. The annual data call is a complete census of USACE Districts who either had federal or non-federal events that placed dredge sediment at an ODMDS. All USACE Districts with active coastal dredging programs receive the yearly data call. Project managers, physical scientists, biologists, and regulatory project managers report the required ocean placement data. ODD data along with EIS and SMMP data are used collectively to describe the historical use of ODMDSs in this report. Table  1 and Appendix A contain a detailed summary of the ODMDS data set evaluated in this report.
Data quality
Upon completion of the data call forms by USACE District personnel, the submitted information was reviewed by ERDC-EL, and if necessary, returned with instructions to resubmit. ERDC-EL assumes the data submitted by each District is accurate, with the exception of obvious errors (e.g., fields left blank, incorrect placement site). The resources to cross reference reported data are mostly limited to historical records found in EIS and SMMP documents. To help determine data quality, data from these documents are compared to those reported to ERDC-EL. To date, a total of 984 records have been identified in EIS and SMMP documents, of these, 62% match ODD placement quantities and years in which they occurred, 25% have inconsistent years/dates or placement quantities or both, and 13% are unreported placement events. Potential sources of error likely include the manner in which the data were originally collected and processed as well as mistakes by either the District responder or personnel at ERDC-EL. Examples of such mistakes include reporting of incorrect information, inaccurate estimates of reported quantities, and instances where data call questions were misinterpreted. Some districts have not responded each year or they have mistakenly reported no placement in some years. Starting in 2012, ERDC-EL redesigned the data call form and increased documentation to reduce misinterpretation. Starting in 2004, there has been a decline in the number of inconsistent and unreported placement events with a more noticeable drop beginning in 2012. For this report, if the placement event has been confirmed in both the EIS and SMMP, the record is corrected in the database along with other data if available (e.g., dredge type).
Data analysis
This report describes data collected about the ODMDSs and placement at the ODMDS from 1976 to 2015, the latest year of data availability at the time of this report. Site management and monitoring are not included because these data are extensively documented in other reports including SMMPs (e.g., USEPA/USACE 2008) and USEPAs ODMDS monitoring assessment reports (e.g., USEPA 2013(a); USEPA/USACE 2003). A summary of data fields in the ODD is provided in Table 1 . The data fields with an asterisk (*) are included in this report. Reported averages are followed by their standard deviation (mean ± SD). Figure 1 .
USACE Districts use on average 42 sites (37%) of the total available active sites per year (Figure 2 ). The availability of active ODMDSs over time has decreased from 140 to 91 sites annually (Figure 3 ). The decrease in sites is mostly due to the closure or de-designation of USACE 103 sites and/or interim sites. Placement information and designation dates were used to describe the number of years all sites were available for use and the percentage of time used. The percentage of time used or unused was determined by counting the number of years a placement event occurred divided by the total available years. In the total time that ocean sites have been available for placement, placement activities occurred in 50% of those years.
ODMDS information found in 40 CFR 228.15 (Section 102 sites) was used to provide a summary of geographical features and site regulations. Geographically, the Atlantic Ocean consisted of 49 sites, 32 are active (65%), the Gulf of Mexico contributed 43 sites, 30 are active (70%), and the Pacific Ocean accounted for 48 sites, 29 are active (60%; Figure 4 ). The USACE South Atlantic Division accounted for the most sites (39). The fewest sites (8) were found in the Pacific Ocean Division. The Portland, Jacksonville, Galveston, and New Orleans Districts had the highest numbers of ODMDSs with 26, 19, 18, and 14 sites, respectively, or 55% of the total number of sites nationally. A.
B.
C. The majority (85%) of ODMDSs are polygon shaped (e.g., square, rectangular or irregularly shaped) and the remaining (15%) are circular or oval shaped. Nearly all ODMDSs are located five nautical miles or less from the port, harbor, or navigation channel from which it receives sediment. For example, the Coquille River Entrance ODMDS is limited to dredged sediment from the Coquille Estuary and River, OR, and adjacent areas, and is located less than two nautical miles from the river entrance ( Figure 5 ). The one exception is the San Francisco Deep Ocean Site located nearly fifty nautical miles off shore. The site is used as an alternative to placement in the San Francisco Bay, CA. This ODMDS is the deepest at 3,000 m and the farthest from the shore of all ODMDSs nationwide. Recently, USEPA Region 4 and USACE South Atlantic Division classified sites that had not been used within five years, and that were not expected to be used within the next five years, as inactive (USEPA/USACE 2013). This designation is expected to conserve agency resources that would otherwise be needed to develop SMMPs and implement monitoring plans. If monitoring as described in the SMMP is not in fact implemented at an active site, then that site can be suspended or closed. The other ODMDS marked as inactive in the ODD and not falling under the previously mentioned classification are de-designated or closed. Notes or remarks about these closed sites are limited, but some indicate the sites were no longer needed. In most such instances, no specific reason is provided (such as mounding of sediment or capacity exceedance) for the closure. It should be noted that in 1970s and 1980s, many sites were designated as interim sites, these were approved for a limited time only. In many cases it is apparent that interim sites were simply closed or a Section 103 site had been replaced by a Section 102 site, but due to limited documentation this interpretation is rarely definitively stated. The percentage of sites used per year has increased slightly over time because there are fewer sites available for use and because the current site locations are likely more appropriate than previous sites (Figure 2 
Ocean disposal data trends 3.2.1 Geographic
An analysis conducted as part of this effort provides the geographic and temporal trends for placement of dredged sediment at ODMDs. The analysis includes placement quantities categorized by the following: ocean area (Pacific Ocean, Atlantic Ocean, and Gulf of Mexico), dredge methods (hydraulic or mechanical), class of work (maintenance or new dredging), USACE Districts and Divisions, and temporal trends . Since 1976, 3,206 dredge events have placed 2.36 billion cy 3 of dredged sediment at 140 ODMDSs ( Figure 6 ). Federal dredge events account for 2.1 billion cy 3 of placement, the remainder of sediment (24 million cy 3 ) is from non-federal dredge events permitted to use the ODMDS (e.g., private industry). Approximately 1.89 billion cy 3 of dredged sediment have been placed in sites that are presently active, and the remainder, 0.54 billion cy 3 , have been placed in sites that are now inactive. It should be noted that the actual number of dredge events is lower than the figure cited above because ocean placement is reported into the ODD by calendar year. Dredging events often cross calendar years, and so in many cases, single dredging events that straddle the next year are recorded in the ODD as if there were two separate events. Thus, attempting to sum events across multiple years will result in an overestimate of the true number of dredge events utilizing ocean placement. Given this information, it is still apparent that the number of events utilizing ocean placement sites each year has trended downward through the decades while placement volume has remained relatively stable, albeit with a slight decrease overall. The Atlantic Ocean accounts for most of the decline in the number of events utilizing an ocean site, followed by the Pacific Ocean, and Gulf of Mexico (Figure 7 ).
On an annual basis, an average (± SD) of 80 ± 15 dredge events have placed 58.8 ± 14 million cy 3 of dredged sediment. Geographically, 57% of the dredged sediment placed in the ocean sites occurred in the Gulf of Mexico (Figure 8 ). Districts along the Atlantic and Pacific coasts generally have more dredge events but lower placement quantities, while in the Gulf of Mexico there were fewer dredge events but placement quantities tend to be two to four times larger. The New Orleans District alone accounts for nearly 63% of the total historical placement volume since 1976. The Pacific Ocean sites account for 16% of the total sediment placed in the ocean sites, and of this amount, over 64% was placed by the Portland District. The Atlantic Ocean sites account for 27% of the total placement volume and are more evenly distributed among the Districts reporting ocean placement. 
Federal and non-federal dredge events
An analysis of dredge event type (federal or non-federal) and class of work (new work or maintenance) provided trends about the nature of dredging events that depend on ocean placement. Federal dredge events are those that a USACE-owned dredge or contractor is used to transport and place dredged sediment at an ODMDS (authorized under MPRSA section 103). Permitted dredge events (non-federal) are those events permitted by the USACE (under MRPSA section 103) to transport and place sediment at an ODMDS. To classify type of work, the new work designation included excavation of new navigation channels or expansion of existing channels, while maintenance dredging represented the removal of accumulated sediment from an existing navigation channel.
Of the 3,206 yearly dredging events, 2,879 are classified as maintenance, 260 represent new work, and the remaining 67 are unclassified events. Overall, the use of ODMDSs for maintenance work started to decline beginning in the 1980s (Figure 9 ). Geographically, the Atlantic Ocean 
Dredge type
For the purposes of this analysis, dredge types are divided into mechanical or hydraulic dredges. Mechanical dredges remove sediment by scooping sediment from the bottom, these include clamshell dredges and bucket dredges. During a dredging event that utilizes mechanical dredges, the sediment is usually placed on a barge and transported to an ODMDS. Hydraulic dredges suction a mixture of sediment and water from the bottom. The two main types of hydraulic dredges are trailing suction hopper dredges and cutter suction dredges. The hopper dredges use pumps to suction sediment from the bottom into the ships hopper. When the hopper reaches its capacity, dredging is stopped and the dredge vessel travels to an ODMDS where the sediment is discharged from the bottom of the ship. The cutter suction dredges remove sediment through an intake pipe and then usually pump the sediment out of a discharge pipeline, sometimes into a transport barge but more commonly directly into the ODMDS.
The most commonly used dredging method reported by USACE Districts was categorized as hydraulic ( Figure 11 ), with more than 2,000 dredging events using a hydraulic type dredge to place over 1.9 billion cy 3 of sediment. Mechanical dredges have been used by nearly 1,000 events in the ODD, placing over 300 million cy 3 . In recent years, the use of hydraulic dredges has decreased while the use of mechanical dredges has increased, resulting in near equal use and placement volumes. Geographically, the Gulf of Mexico dredging events account for most of the decrease in use of hydraulic dredges, the Atlantic Ocean dredging events account for most of the increase in use of mechanical dredges (Figure 12 ). 
Dredge event duration
Dredging event duration in days has been averaged for each year and summarized over time by dredge method and event type. In determining the average starting and ending month for dredging events, roughly 22% of the events were removed from consideration owing to the calendar year structure of the ODD. Events that straddle two calendar years are essentially recorded as two separate events within the ODD, the first ending on 31 December and the second beginning on 1 January, with placed volumes and other quantities prorated. To avoid the resulting bias towards the first and last day of each calendar year, such events have been excluded from the start/end analysis. Because dredging contract numbers have not always been reported, no attempt has been made to sort those events that cross years. In spite of this limitation, 78% of the events have still been included to determine duration and start/end months of dredging events in the ODD.
The average (± SD) dredge event duration is a highly variable quantity, at 65 ± 71 days ( Figure 13 ). The mode and median of duration were 1 and 37 days, respectively. The average (± SD) duration of maintenance work is 62 ± 10 days while new work took longer and with much more variability at 100 ± 43 days ( Figure 14) . Dredge event duration does not reflect the actual number of days of dredging or the number of trips made to an ODMDS. This information has not been collected in the annual data calls and is not required to meet the LC report needs. Dredge event duration does not correlate with placement volume (R2=0.09) (Figure 15 ). The start and end months for dredging events are relatively evenly distributed as reflected in the frequency distribution shown in Figure 16 . The average (± SD) start month is May (5.7 ± 3.2) while the average end month is July (7.2 ± 3.3) indicating that a preponderance of dredging events disposing sediment in ODMDSs are active in spring and summer months. 
Summary
This Technical Report (TR) reviews the placement of dredged sediment at ODMDS from 1976-2015. The report uses data obtained from the ODD, a repository of ocean placement data submitted by USACE Districts. These data are used to fulfill the LC obligations to report annually the amount and location of dredged sediment placed in ocean waters. Other than the annual LC report, a compilation such as this one of the yearly ODD datasets had not been conducted to date.
There are limited ancillary data outside of the required data fields to support LC reporting activities. Therefore, this report leaves open the possibility for further research into the reasons for the observed trends. For instance, ERDC-EL is aware of many dredging events that have used an ODMDS for only a portion of the total dredged sediment, with the remainder used in other areas (e.g., beneficial use applications). However, for these events it is not possible to determine the fraction of dredged sediment that has been placed at an ODMDS or other areas using the ODD data. This information has not been required for the LC report, but it would help better define the role of ODMDSs going forward and document other uses of the dredged sediment. To better understand ODD data, integration of information from other databases as well as the addition of new questions to the ODD data call should be considered. Complementary data exists in other USACE databases that could be used in the future to investigate more discrete trends in the ocean placement data. For example, the National Dredging Quality Management Program (DQM) is an automated dredging monitoring system that could provide other complementary data for ocean placement events since 2012 (USACE DQM n.d.). New data requested or imported from other databases outside the scope of the LC should be carefully considered in terms of their value to the ODD and the broader USACE dredging program.
Compiling and analyzing the data in the database helps demonstrate how the ODD can help answer general questions concerning long-term trends in placement of dredged sediment in the ocean. The documentation of such data over time provides several advantages including a measure of all dredged sediment placed in the ocean since 1976, a benchmark for future data comparisons, and improved data collection and quality. At a time when the long-term fiscal outlook for federally maintained navigation events is unclear, it is imperative that policymakers and those tasked with First used (year) -the first year disposal occurred or the designation date (or whichever was earlier; >1976); Last used (year) -the last year of disposal activity for an active site or the year when the site was de-designated for inactive sites; size (nm 2 ) -the size of the ocean disposal site; active (years) -the number of years a site was open for disposal; used (%) -the percentage of years disposal occurred while the site was active; status -the current status of a site (A = Active; I= Inactive); Ocean -the ocean area where the site was located (PAC= Pacific Ocean; ATL= Atlantic Ocean; GOM= Gulf of Mexico).
